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Methods. This study investigated chronic disease risk among immigrants aged ≥45 years in Australia by com-
bining common lifestyle risk factors into aweighted chronic disease risk index (CDRI). Among64,194 immigrants
and 199,908 Australian-born participants in the 45 and Up Study (2006–2009), Poisson regression was used to
derive relative risks (RR) and 95% conﬁdence intervals (CI) for ﬁve risk factors (smoking, alcohol use, over-
weight/obesity, physical activity, diet) by place of birth adjusting for socio-demographic characteristics. Multiple
linear regression was used to determine adjusted mean differences (AMDs) in CDRI score by place of birth and
years lived in Australia.
Results. Immigrants had higher RRs of smoking than Australian-born participants, lower RRs of excessive al-
cohol consumption and overweight/obesity, and no difference in RR for physical inactivity and insufﬁcient fruit/
vegetable intake. Participants born in the Middle East/North Africa (AMD 3.5, 95% CI 2.7, 4.3), Eastern/Central
Europe (1.3, 0.8, 1.9), andWestern Europe (0.5, 0.1, 0.8) had higher mean CDRI scores than Australian-born par-
ticipants, while participants born in East Asia (−7.2,−7.8,−6.6), Southeast Asia (−6.6,−7.2,−6.1), Central/
South Asia (−3.1,−4.0,−2.1), Sub-Saharan Africa (−1.9,−2.6,−1.2) and the United Kingdom/Ireland (−0.2,
−0.5, 0.0) had lower scores. CDRI score among immigrants generally approximated that of Australian-born par-
ticipants with greater years lived in Australia.
Conclusions. This study reveals differences in potential risk of chronic disease among different immigrant
groups in Australia.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Non-communicable diseases have a major impact on premature
morbidity and mortality, comprising around 55% of the burden of
disease globally, and 85% in Australia (2010) (Murray et al., 2012a). A
large proportion of the burden comes from chronic diseases that share
many lifestyle risk factors including smoking, alcohol intake, physical
inactivity and poor diet (Australian Institute of Health and Welfare,
2014).
While the population prevalence of individual lifestyle risk factors is
routinely ascertained through national health surveys, it is important to
consider that these risk factors do not often occur in isolation. Indeed,
risk factors often cluster and can interact, where the risk of chronicW 1340, Australia.
rich),
l.com (F. Sitas),
. This is an open access article underdiseasemay be elevated above that of the sumof each risk factor consid-
ered individually (Australian Institute of Health and Welfare, 2005,
2012). Lifestyle risk factor co-occurrence has also been shown to inﬂu-
ence mortality, whereby mortality risk is proportionate to the number
of healthy lifestyle behaviours adhered to (Loef and Walach, 2012). To
better estimate chronic disease risk it is therefore necessary to study
lifestyle risk factors in combination.
Risk factor prevalence and the burden of chronic disease vary greatly
across different regions of the world (Murray et al., 2012a; World
Health Organisation, 2014). For example, in 2007–2010, 36% of the Chi-
nese population aged ≥50 years were found to have three or more
chronic disease risk factors, compared to 45% for India, 56% for Russia
and 69% for South Africa (Wu et al., 2015). In Australia (2007–2008),
itwas found that 64%of adults had at least three chronic disease risk fac-
tors, with males, those aged ≥75 years, those with disadvantaged socio-
economic status, and those living in rural areas having the greatest
proportion (Australian Institute of Health andWelfare, 2012). However,
the way in which chronic disease risk factors co-occur among peoplethe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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twelve studies included in a systematic review of cardiovascular disease
risk factors among immigrant groups in Australia, only one considered
multiple risk factors together (Dassanayake et al., 2009). The
Australian population has a relatively high proportion of immigrants
(27% in 2011) and ethnic diversity (60% of immigrants originate from
non-European countries and 53% speak a language other than English
at home) (Australian Bureau of Statistics, 2012). Further, chronic dis-
ease incidence (Dassanayake et al., 2009; Hodge et al., 2004;
Supramaniam et al., 2006) and mortality (Anikeeva et al., 2011, 2015),
as well as individual risk factors (Centre for Epidemiology and
Research, 2010; Singh and de Looper, 2002; Bennett, 1993) have been
found to vary substantially in Australia by place of birth. For example,
from 1981–2007, death from lung, stomach, and bladder cancer was
more common among immigrants than the Australian-born population,
whereas immigrants were less likely to die from colorectal cancer
(Anikeeva et al., 2011). Death from cardiovascular disease was higher
among immigrants from Eastern Europe (1997–2007), but lower for
other parts of Europe, and lowest among Chinese Asians (Anikeeva
et al., 2015). In the same period, the immigrant groups with the highest
number of deaths from diabetes mellitus were those from Southern
Europe, Eastern Europe, and Southern Asia (Anikeeva et al., 2015). Un-
derstanding howmodiﬁable health behavioursmay contribute to varia-
tions in health outcomes can potentially be achieved by exploring
multiple risk factors.
There are various methods for quantifying multiple risk factors
(McAloney et al., 2013), but it is important to account for the fact that
some risk factors have stronger associations with chronic diseases
than others. The Chronic Disease Risk Index (CDRI) developed by
Miller and Bauman (2005) accounts for the proportional impact of
each risk factor on disease using a population health survey in New
South Wales (NSW), Australia (Miller and Bauman, 2005). This index
takes into account the impact of each factor on loss of disability-
adjusted life years in Australia (Miller and Bauman, 2005; Miller, 2003).
We applied this CDRI to self-reported health and lifestyle data from
the baseline questionnaire of a large cohort study inNSW, the 45 andUp
Study. We aimed to identify immigrant groups with higher or lower
CDRI than Australian-born participants, and determine how this rela-
tionship varies by number of years lived in Australia.Methods
Study sample
Baseline data from the Sax Institute's 45 and Up Study (2006–2009), a co-
hort study of 266,848 participants was used. The study is described elsewhere
(Banks et al., 2008), but brieﬂy, residents of NSW aged at least 45 years were
randomly sampled from the general population using the Medicare Australia
database. This database includes records for all citizens and permanent resi-
dents of Australia, and also some temporary residents and refugees. Persons
aged 80 and over and those living in rural and remote areas were oversampled
by a factor of two. The response rate to mailed invitations was estimated to be
18% (Banks et al., 2008). Ethics approval for the studywas provided by the Uni-
versity of NSWHuman Research Ethics Committee and the Cancer Council NSW
Ethics Committee.Place of birth and years lived in Australia
Immigrants were deﬁned as persons who reported a country of birth other
than Australia. To ensure adequate sample sizes for comparison, countries of
birth were grouped into thirteen regions (see Table A.1 supplementary con-
tent). These are modiﬁed groups from the Global Burden of Disease Study and
have been used previously to analyse 45 and Up Study data (Murray et al.,
2012b; Weber et al., 2011). The regions were generated to maximise inter-
region variation and minimise intra-region variation in infant mortality and
adult morbidity and mortality (Murray et al., 2012b). Participants with missing
or invalid places of birth were excluded from the analyses. Number of yearslived in Australia was calculated using the survey date and year ﬁrst lived in
Australia for one year or more.
Chronic disease risk index (CDRI) and lifestyle risk factors
A CDRI scorewas calculated for each participant using themethods ofMiller
and Bauman (Miller and Bauman, 2005; Miller, 2003). Speciﬁcally, ﬁve self-
reported risk factors (smoking, alcohol, BMI, physical activity and fruit and
vegetable intake) were assigned values between 0 and 1 to capture the magni-
tude of associations with disability adjusted life years in Australia. These were
then summed to create a CDRI score for each participant, with higher scores
indicating greater chronic disease risk. Scores ranged from 0 to 3.8, and were
re-scaled into a 100-point scale.
BMI (calculated from self-reported height and weight (Ng et al., 2011)) and
physical activity (weekly number of sessions and time in minutes, with time
spent in vigorous activity doubled as itwas assumed to have twice themetabol-
ic equivalent value of low and moderate activity (Australian Institute of Health
andWelfare, 2003; Australian Government Department of Health, 2014)) were
assigned risk values as per the original methodology (Miller and Bauman, 2005;
Miller, 2003). Smoking status, alcohol and fruit and vegetable intake weremod-
iﬁed as described below.
Current smoking was assigned a risk value of 1, former smoking 0.5 and
never-smoking 0. We were not able to include a category for occasional
smoking (assigned a value of 0.8).
Alcohol consumption was divided into ‘low risk’ (assigned a value of 0),
‘hazardous’ (assigned 0.3), and ‘harmful’ (assigned 0.4) levels. For men this
equated to ≤4, N4 and ≤6, and N6 standard drinks per occasion respectively,
and for women, ≤2, N2 and ≤4, and N4.We used days of drinking as a substitute
for occasions of drinking.
Participants in the low tertile of fruit and vegetable intake (b3 serves of total
fruit/vegetables per day) were assigned a value of 0.4, those in the moderate
tertile (≥3 and b5 serves/day) a value of 0.2, and those in the high tertile (≥5
serves/day) a value of 0. Tertile cut-off values were based on the 2010 NSW
Population Health Survey (Centre for Epidemiology and Research, 2011).
Participants with incomplete data for any of the ﬁve lifestyle risk factors
were excluded from CDRI analyses.
Socio-demographic covariates
All socio-demographic covariates analysed are listed in Table 1. Remoteness
was derived from postcode using the Accessibility/Remoteness Index for
Australia (ARIA+ 2006) (Glover and Tennant, 2003). A missing indicator vari-
able was included for each factor.
Statistical analyses
Weexamined the distribution of socio-demographic characteristics by place
of birth. All subsequent analyses were adjusted for sex, age, remoteness, educa-
tion level, marital status, household income and health insurance status.
It has been shown that for binary outcomes, exponentiated linear coefﬁ-
cients estimated from Poisson regression provide valid estimates of adjusted
relative risk, and robust standard errors produce conﬁdence intervals that
achieve nominal coverage (Zou, 2004; Greenland, 2004; Spiegelman and
Hertzmark, 2005). Thismethod has been referred to asmodiﬁed Poisson regres-
sion, and was used to calculate the adjusted relative risk (RR) and 95% conﬁ-
dence interval (CI) of being in the highest risk category for each individual
risk factor by place of birth. That is, being a current smoker, drinking a harmful
level of alcohol, being obese, being physically inactive and being in the lowest
tertile of fruit and vegetable intake.
Multiple linear regressionwas used to determine adjustedmean differences
(AMDs) in CDRI score by place of birth and years lived in Australia. In each
regression model, place of birth and socio-demographic covariates were the
independent variables and CDRI score was the dependent variable. A test for
trend between years lived in Australia and CDRI score (using the median
value for each category of years lived in Australia: b10; 10–19; 20–29; 30–39;
≥40 years) was used for each region of birth.
Analyses were performed using SAS 9.3.
Results
266,848 participants completed the baseline questionnaire. 22
(0.008%) of these were excluded for being b45 years old. A further
Table 1
Socio-demographic characteristics by place of birth in the 45 and Up Study (2006–2009), New South Wales, Australia.
Place of birth n [%] Male
(%)
Age (mean
[SD]) (years)
Major city
resident (%)
University
degree (%)
Married or
living with
partner (%)
Household
incomea
≥$70 000
(%)
Private health
insuranceb (%)
Speak
non-English
at home (%)
Year arrived
in Australiac
(median
[IQR])
Years lived
in Australia
(median
[IQR])
Australia 199,908 [75.7] 45.4 62.5 [11.1] 39.9 21.6 74.6 24.0 67.4 2.3 – –
New Zealand 5069 [1.9] 45.5 60.5 [10.4] 51.6 26.7 72.9 32.9 59.6 3.5 1977
[1968–1985]
31.1
[22.6–39.7]
Oceania 887 [0.3] 47.0 59.3 [10.2] 72.2 22.0 74.9 22.4 55.4 55.2 1979
[1964–1988]
29.1
[19.3–44.1]
East Asia 3231 [1.2] 45.2 59.7 [11.2] 91.3 42.1 80.4 17.8 64.8 85.4 1988
[1979–1994]
19.5
[14.1–28.7]
Southeast Asia 4487 [1.7] 42.3 59.3 [10.5] 83.4 40.9 76.6 20.8 55.9 74.9 1984
[1977–1990]
24.1
[18.1–31.1]
Central &
South Asia
1357 [0.5] 60.2 61.3 [11.4] 79.7 58.0 81.1 30.1 62.6 53.4 1982
[1969–1992]
25.1
[15.4–38.3]
UK & Ireland 26,282 [10.0] 49.5 64.7 [11.3] 49.4 24.7 74.6 24.4 61.0 2.2 1966
[1958–1974]
41.3
[33.7–49.3]
Western
Europe
11,534 [4.4] 52.9 66.1 [11.1] 58.2 16.7 73.0 15.4 55.2 53.9 1959
[1953–1969]
48.3
[38.6–54.3]
Eastern &
Central
Europe
3940 [1.5] 53.1 67.4 [11.8] 73.8 21.1 67.7 12.7 49.7 66.9 1961
[1951–1971]
46.4
[36.1–56.2]
Middle East &
North Africa
2125 [0.8] 58.8 61.7 [11.0] 90.3 28.1 76.1 13.2 45.6 81.1 1973
[1966–1986]
35.1
[21.6–42.2]
Sub-Saharan
Africa
2247 [0.9] 49.0 60.1 [10.6] 68.1 44.5 80.4 39.3 72.0 23.8 1982
[1971–1994]
25.2
[13.2–36.4]
North America 1768 [0.7] 44.4 60.2 [10.2] 51.6 64.0 74.3 40.4 74.4 4.5 1975
[1969–1986]
33.1
[21.3–39.1]
Central &
South
America
1267 [0.5] 43.6 60.2 [9.5] 84.0 25.3 71.6 15.2 47.1 83.4 1975
[1971–1986]
32.1
[21.4–36.3]
Total
immigrants
64,194 [24.3] 49.5 63.5 [11.4] 60.9 27.8 74.5 22.7 58.9 31.7 1969
[1959–1982]
38.6
[25.8–48.7]
Total 264,102 [100.0] 46.4 62.7 [11.2] 45.0 23.1 74.5 23.6 65.3 9.4 – –
Percentages include participants with missing or invalid responses. SD, standard deviation. IQR, interquartile range.
a Pre-tax annual household income from all sources in Australian dollars.
b Including Department of Veterans' Affairs white or gold card.
c Year ﬁrst migrated to Australia for at least one year.
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sponses for country of birth, leaving 264,102 participants.
The socio-demographic characteristics of participants by place of
birth are shown in Table 1. Compared to Australian-born participants,
a higher proportion of immigrants were male, lived in major cities,
had university degrees and spoke a non-English language at home,
while a lower proportion of immigrants were married or living with a
partner, had an annual household income of at least $70,000
(Australian dollars), and had private health insurance. On average, im-
migrants were older than Australian-born participants. Of all regions
of birth, participants born in Western Europe immigrated the earliest,
with a median year of arrival of 1959, while participants born in East
Asia immigrated most recently, with a median year of 1988.
The proportion of participants with each individual lifestyle risk
factor is shown in Table 2. After adjusting for covariates, immigrants
overall had a signiﬁcantly higher RR of current smoking and a lower
RR of harmful alcohol consumption and obesity than Australian-born
participants.
Analyses from this point excluded 43,731 participants (16.4%) with
missing or invalid responses for at least one of the ﬁve risk factors, leav-
ing 220,371 participants. 17,273 (10.3%) Australian-born and 5659
(10.6%) immigrant participants had the lowest possible CDRI score of
0, while 32 (0.019%) Australian-born and 6 (0.011%) immigrant partic-
ipants had scores ≥90.
For each region of birth, themean CDRI score and adjustedmean dif-
ference (AMD) in CDRI score from Australian-born participants are
shown in Table 3. The contribution of each risk factor to the adjusted
mean CDRI score is shown in the supplementary content (Figure A.1).
Mean CDRI scores ranged from 14.9 for participants from East Asia to
27.7 for participants from the Middle East and North Africa. There wassigniﬁcant variation in CDRI by place of birth (p b 0.0001). Participants
born in all Asian regions, the United Kingdom (UK) and Ireland and
Sub-Saharan Africa had lower CDRI scores than Australian-born partic-
ipants. Signiﬁcantly higher CDRI scores were observed for Western
Europe, Eastern and Central Europe and the Middle East and North
Africa.
The AMD in CDRI score by 10-year strata of years lived in Australia
for each region of birth is shown in Fig. 1. 1949 (0.7%) participants
with missing or invalid responses for age of migration were excluded,
leaving 218,422 participants for these analyses. For immigrants overall,
there was a signiﬁcant increasing trend in AMD in CDRI score with
increasing years lived in Australia (p b 0.001), with those living in
Australia b10 years having an AMD of −3.4 and those living in
Australia ≥40 years having an AMD of 0.6.
A signiﬁcant increasing trend in AMD was found for participants
born in Oceania, all Asian regions, the UK and Ireland and Western
Europe, with those living in Australia b10 years having an AMD ranging
between−9.5 and−1.9, and those living in Australia ≥40 years having
an AMD ranging between−1.3 and 1.1. No signiﬁcant trends in AMD
were found for the remaining regions of birth.
Discussion
We found diversity in the co-occurrence of chronic disease lifestyle
risk factors across different immigrant groups in the 45 and Up Study
in NSW, Australia. Using the CDRI developed by Miller and Bauman,
we found that only about 10% of both Australian-born and immigrant
participants overall had the lowest possible risk of chronic disease. Par-
ticipants born in Western Europe, Eastern and Central Europe, and the
Middle East and North Africa had a mean CDRI score that potentially
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212 P.E.A. Sarich et al. / Preventive Medicine 81 (2015) 209–215puts them at greater risk of chronic disease than Australian-born par-
ticipants. We also found that participants born in all Asian regions,
the UK and Ireland, and Sub-Saharan Africa have a potentially lower
risk of chronic disease than Australian-born participants. Further, par-
ticipants born in Oceania and all Asian regions had mean CDRI scores
that converged on that of Australian-born participants with increasing
years lived in Australia. The samewas true for immigrants from the UK
and Ireland and Western Europe except for those living in Australia
≥40 years who had an estimated level of risk that slightly surpassed
that of Australian-born participants.
The distribution of individual risk factors among immigrants in our
study was similar to that reported in the NSW Population Health Sur-
vey (2006–2009) (Centre for Epidemiology and Research, 2010). For
example, people born in China had lower rates of harmful alcohol con-
sumption, smoking and obesity than the population average, but
higher rates of physical inactivity and inadequate vegetable intake.
The same pattern was observed for participants from East Asia in our
study, more than half of whomwere born in China. To our knowledge,
only one other study has examined combinations of risk factors be-
tween immigrant groups in Australia. Feng et al. (2014) derived a risk
index using unweighted, dichotomous variables in the 45 and Up
Study (Feng et al., 2014). Their index, although primarily focused on di-
etary factors, identiﬁed differences between countries within a region.
For example, of the three Eastern and Central European countries
analysed, Russia had a signiﬁcantly higher unhealthy lifestyle index
than Australian-born participants, while Croatia and Poland were not
signiﬁcantly different (Feng et al., 2014). Together with our report,
these studies highlight groups of immigrants with risky lifestyle
behaviours.
It is unclear how the health proﬁle of participants in this study may
compare to that of their country of origin. Studies comparing multiple
risk factors across countries are few. One study that directly compared
data from six countries found that multiple risk factors occurred much
more frequently in upper-middle income countries than in low-middle
income countries (Wu et al., 2015). The authors suggested that lower-
middle income countries are less likely to be exposed to risk factors as-
sociated with urban living (such as sedentary lifestyles and processed
foods). However, immigrants are often a speciﬁc sub-group of their
country of origin and are not necessarily representative of the popula-
tion they left behind. Migration policies to Australia are complex,
change over time and vary from a selection of skilled migrants using
a points system to small groups of refugees accepted on humanitarian
grounds (Statistics Section Department of Immigration and
Multicultural Affairs, 2001). As such, socioeconomic factors among im-
migrant groups, such as educational attainment, can be higher than
that of their home country (and Australian-born for that matter)
(Australian Bureau of Statistics, 2007). Nevertheless, the immigrant
groups with the lowest health risks in our study were also from low-
middle income countries (e.g., those included in East and Southeast
Asia), which suggests that some of the lifestyle patterns prior tomigra-
tion may have been maintained.
A pattern of increasing CDRI score with increasing strata of years
lived in Australia suggests that lifestyle behaviours may ‘acculturate’
for some immigrant groups, whereby immigrants tend to adopt the
health behaviours of the host population over time (Bennett, 1993;
Delavari et al., 2013). However, this was not observed for all regions
of birth, and speciﬁcally, thosewithmean CDRI scores that were higher
than Australian-born participants (i.e. immigrants from Eastern/Cen-
tral Europe and theMiddle East/North Africa). These immigrant groups
tended to have higher CDRI scores regardless of the number of years
lived in Australia. This may indicate that acculturation of health behav-
iours primarily occurs when immigrants adopt poorer health behav-
iours over time, but not the opposite. A review of acculturation and
obesity appears to support this hypothesis, ﬁnding that seven of nine
studies reported a positive association between higher acculturation
and body weight variables, while three studies reported a negative
Table 3
Chronic disease risk index (CDRI) by place of birth in the 45 and Up Study (2006–2009), New South Wales, Australia.
Place of birth Mean CDRI score (SD) Adjusteda mean difference in CDRI
score from Australian-born participants
Lower 95% CI Upper 95% CI p
Australia 23.0 (16.7) – – – –
New Zealand 22.6 (16.4) −0.5 −0.9 0.0 0.06
Oceania 22.5 (16.9) −0.9 −2.1 0.3 0.1
East Asia 14.9 (12.9) −7.2 −7.8 −6.6 b0.0001
Southeast Asia 16.0 (13.8) −6.6 −7.2 −6.1 b0.0001
Central & South Asia 18.6 (14.8) −3.1 −4.0 −2.1 b0.0001
UK & Ireland 22.5 (16.0) −0.2 −0.5 0.0 0.03
Western Europe 23.9 (16.1) 0.5 0.1 0.8 0.007
Eastern & Central Europe 24.6 (16.0) 1.3 0.8 1.9 b0.0001
Middle East & North Africa 27.7 (17.3) 3.5 2.7 4.3 b0.0001
Sub-Saharan Africa 19.6 (14.9) −1.9 −2.6 −1.2 b0.0001
North America 20.1 (15.2) −0.7 −1.5 0.1 0.08
Central & South America 23.0 (16.2) −0.3 −1.3 0.6 0.5
Total immigrants 22.0 (16.0) −0.8 −1.0 −0.6 b0.0001
Total 22.7 (16.5) – – – –
SD, Standard Deviation. CI, Conﬁdence Interval.
a Adjusted for sex, age, remoteness, education level, marital status, household income and health insurance status.
213P.E.A. Sarich et al. / Preventive Medicine 81 (2015) 209–215association in females only (Delavari et al., 2013). As well as obesity, ac-
culturation has been observed with physical activity and diet (Huang
et al., 1996; Shah et al., 2015). For example, in a study of Japanese–
American men in Hawaii it was found that those who retained a tradi-
tional Japanese diet and had spent more time living in Japan had a
lower BMI, higher physical activity levels and a healthier diet, and a re-
duced prevalence of type 2 diabetes than those who adopted a
‘Westernised’ lifestyle (Huang et al., 1996).
Possible explanations for the differences in risk factor co-occurrence
between immigrant groups are the diversity in levels of urbanisation
and socioeconomic development in low-, middle- and high-income
countries, and the rate of ‘risk transition’ from infectious disease burden
to non-communicable diseases burden over time (Wu et al., 2015;
World Health Organisation, 2009). Overweight and obesity, physical in-
activity and dietary risk factors are all associated with increased urban-
isation (Wu et al., 2015), and as low-income countries become
wealthier there tends to be an increased burden of disease attributable
to these three risk factors along with alcohol and tobacco use (World
Health Organisation, 2009). In our study, this may partially explain
why participants born in Sub-Saharan Africa and Asian regions had
lower mean CDRI scores than Australian-born participants while partic-
ipants born in American and European regions and theMiddle East and
North Africa had equal or higher CDRI scores, and the trend of increasing
CDRI score with increasing years lived in Australia.
While individual risk factor analysis is informative, it cannot be used
to estimate the overall level of chronic disease risk. For example, partic-
ipants born in the three Asian regions had relatively high RRs of physical
inactivity and inadequate fruit and vegetable intake, however they had
the lowest mean CDRI scores. Conversely, participants born in Western
Europe, Eastern and Central Europe and the Middle East and North
Africa had relatively low RRs of harmful alcohol consumption and inad-
equate fruit and vegetable intake, yet had the highestmean CDRI scores.
A cohort study in Hawaii found a dose response relationship between a
similar version of a CDRI and a number of chronic disease outcomes
(Meng et al., 1999). Although smoking accounted for over 50% of the
CDRI's impact on mortality, and BMI 25%, the effects of negative health
practises were cumulative. Therefore both individual and multiple risk
factor analyses are necessary to obtain a complete picture of chronic dis-
ease risk.
This study has several limitations. Firstly, being a cross-sectional
study, participants were not tracked over time, so it is possible that
changing health behaviours in migrants' country of origin over time
could partially explain the apparent trends, rather than acculturation.
A limitation of the 45 and Up Study is the potential for selection bias
due to the relatively low response rate (18%), where participants in cer-
tain population sub-groups, such as the highly economicallydisadvantaged, may be under-represented. Therefore caution is needed
when generalising prevalence data to the NSW population. However, a
direct comparison of the 45 and Up Study with the NSW Population
Health Survey found consistent exposure-outcome relationships be-
tween the two studies, including variables related to lifestyle behav-
iours (Mealing et al., 2010). Another limitation is that some immigrant
groups may be under-represented because the questionnaire was only
available in English. The proportion of immigrants who spoke a non-
English language at home in this study was 32%, lower than the 53% re-
ported for ﬁrst generation immigrants in the 2011 census (Australian
Bureau of Statistics, 2012). This may suggest that immigrant partici-
pants selected in this study have a higher degree of acculturation than
those in the general population of NSW, and so the AMDs in CDRI
score may be biased towards the null. Caution must therefore be
exercised when interpreting null results.
The CDRI is likely to have greater validity than most other ap-
proaches to co-occurrence analysis due to the use of multiple risk levels
and assigningweights based on impact on loss of disability-adjusted life
years, however it is not without limitations. Firstly, an assumption un-
derlying the CDRI is that multiple risk factors have an additive effect
on chronic disease, and therefore any potential multiplicative effects
are not captured. Secondly, the multiple risk levels deﬁned for alcohol
consumption and inadequate physical activity are based on nowoutdat-
ed versions of national health guidelines (Australian Government De-
partment of Health, 2014). Furthermore, the fruit and vegetable intake
risk levels are based on tertiles of intake in NSW rather than health
guidelines as for the other four risk factors. Updating the CDRI to ac-
count for current alcohol, physical activity and fruit and vegetable in-
take guidelines would conﬁrm that the risk levels used reﬂect current
evidence. Finally, a disadvantage common to all methods of co-
occurrence analysis/combining risk factors, including the CDRI, is that
they do not provide information about statistical associations between
each of the individual risk factors (McAloney et al., 2013). An alternative
method would be cluster analysis, where ascertaining the strength of
relationships between risk factorsmeans that risk factors that common-
ly occur together can be grouped and used to identify sub-populations
with qualitatively different risk proﬁles (e.g. (Grifﬁn et al., 2014)).
Conclusion
This study reveals differences in potential risk of chronic disease
across immigrant groups in Australia. These results will assist policy
makers in targeting culturally appropriate chronic disease prevention
programmes to the groups with the highest need, and the speciﬁc be-
havioural risk factors to target for maximum impact on burden of dis-
ease in different immigrant groups. Future work in this area will focus
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215P.E.A. Sarich et al. / Preventive Medicine 81 (2015) 209–215on quantifying health outcomes in relation to the CRDI over time. It will
be of interest whether the regions of birth identiﬁed in our study will
have higher than average rates of chronic disease in the future.
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